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ABSTRACT
Veronica scutellata L. occurs in moist and wet habitats, such as ponds, marshes and other wetlands. This study was 
conducted on this species to examine its mineral element uptake status in terms of interactions between soil and plant. 
Experimental materials were taken from the Southern coast of Black Sea at coordinates 40º36’N and 31º16’E at an 
altitude of 1400 m above sea level from Bolu – Turkey; using standard methods and plant (root, stem and leaf parts) and 
soil mineral element measurements (Al, B, Ca, Cu, Fe, K, Mg, Mn, Na, Ni and Zn) were done. During the study, ICP-OES 
was employed for the measurement of mineral elements. It was observed that considerable amounts of B, Ca, K, Mg, 
Mn, Na and Zn are accumulated by the plant.
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ABSTRAK
Veronica scutellata L. wujud di habitat lembab dan basah seperti kolam, rawa dan tanah bencah lain. Kajian dijalankan 
ke atas spesies ini untuk meneliti status pengambilan unsur mineral daripada segi saling tindakan antara tanih dan 
tumbuhan. Bahan percubaan telah diambil dari Pantai Timur Laut Hitam pada koordinat 40º36’U dan 31º16’T pada 
altitud 1400 m atas paras laut dari Bolu, Turki dengan menggunakan kaedah piawai dan tumbuhan (bahagian akar, 
batang dan daun) dan pengukuran unsur mineral tanih (Al, B, Ca, Cu, Fe, K, Mg, Mn, Na, Ni dan Zn) telah dilakukan. 
Semasa kajian, ICP-OES telah digunakan bagi pengukuran unsur mineral. Telah diperhatikan bahawa sejumlah amaun 
B, Ca, K, Mg, Mn, Na dan Zn telah terkumpul oleh tumbuhan.
Kata kunci: Autekologi; grassleaf speedwell; nutrisi tumbuhan; unsur surih
INTRODUCTION
Veronica is a large genus with about 500 species mostly 
distributed in central and southern Europe and Turkey 
(Albach et al. 2003, 2004). The cosmopolitan genus is 
a member of Plantaginaceae family (formerly placed 
in Scrophulariaceae) (Albach et al. 2003, 2004; Davis 
1965-2001). It consists of annual or perennial herbs, 
with alternate or opposite leaves and solitary flowers or 
flowers in racemes. The corolla has a very small tube 
and four, frequently unequal, lobes (Juan et al. 1997). 
V. scutellata commonly known as grassleaf speedwell, 
skullcap speedwell and marsh speedwell is a perennial 
and rhizomatous herb with an upright or decumbent stem, 
up to 60 cm high. Vegetative and generative parts are 
mostly glabrous, leaves opposite, purple green or reddish, 
lanceolate or smooth edged. Inflorescence contains several 
flowers on thin and straight pedicels. Flowers are blue, 
white or purplish with purple veining, with four lobes and 
upper lobe is the largest. Each flower is up to 1 cm wide. 
Fruit is a small notched flat capsule, with a width of few 
mm (Davis 1965-2001; Juan et al. 1997).
 V. scutellata is uncommon and occurs only in a few 
locations in Turkey (Figure 1). Marshes, wet meadows, 
low areas along springs, low muddy areas along ponds 
and swamps (Turker & Guner 2003). One of these habitats 
is on the edge of seasonal pond; a site of number of rare 
plants; located in a mountainous area near the southern 
coast of the Black Sea at 1400 m above sea level in the State 
of Bolu (Figure 2). It was found growing on calcareous 
soil. The most interesting associate of this plant in this 
area is Isoetes anatolica, an endemic species found only 
here in the world (Prada & Rolleri 2005). The character 
of the water, topographic features and other factors play 
an important role in the occurrence and existence of rare 
plants in this locality.
 The calcareous seasonal pond constitutes a restricted 
class of habitat in the region. The present study focuses 
on mineral element uptake status of V. scutellata in order 
to enlighten the plant-soil interactions of this species. 
Attempts have been made to investigate the conditions for 
maintenance of these rare plant populations. 
MATERIALS AND METHODS
Samples of plant and soil were taken for the mineral 
element analysis from five different points at each 
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sampling site. pH of water near the collection sites was 
also recorded. Soil sampling (about 500 g for each) was 
done by using stainless steel shovel and samples were 
taken from a depth of 0-10 cm. A bulk was formed from 
the samples at each sampling site and a representative 
sample obtained for each site. Disposable gloves were 
used during the soil sample collections for prevention of 
possible contamination. The samples were put into white 
transparent labeled polythene bags and brought to the 
laboratory together with the plant samples. 
 Plants were separated into parts, oven-dried at 80°C 
for 24 h, milled in micro-hammer cutter and fed through 
a 1.5 mm sieve. Samples were weighed as 0.3 g and 
transferred into Teflon vessels and then 8 mL 65% HNO3 
was added.
 Soil samples were also oven-dried at 80°C for 24 h and 
fed through a 2 mm sieve. They were weighed as 0.3 g and 
transferred into Teflon vessels and then 5 mL 65% HNO3, 
3 mL 37% HCl and 2 mL 48% hydrofluoric acid (HF) 
were added. All samples were mineralized in microwave 
oven (Berghof-MWS2) as follows: 5 min at 145°C, 5 
min at 165°C and 20 min at 175°C. After cooling, the 
samples were filtered using Whattman filters and volume 
made up to 50 mL with ultra-pure water in volumetric 
flasks. These were stored in falcon tubes. Standard 
solutions were prepared by using multi element stock 
solutions-1000 ppm (Merck) and mineral element (Al, B, 
Ca, Cu, Fe, K, Mg, Mn, Na, Ni and Zn) measurements were 
done by Inductively Coupled Plasma Optical Emission 
Spectroscopy (PerkinElmer-Optima 7000 DV).
FIGURE 2. Map showing the study area (location of Abant Lake region, Bolu-Turkey)
FIGURE 1. The photos were taken from Abant Region in August showing A- Natural 
habitat of V. scutellata, B- Aboveground parts of the plant and C- Flowers
  1405
RESULTS AND DISCUSSION
The sampling region experiences a transitional climate 
between Mediterranean and Oceanic climates (Cobanoglu 
& Akdemir 2004; Turker & Guner 2003). The geographical 
conditions revealed that this site is totally closed to the dry 
southern wind and opens to the northern winds therefore 
high humidity is recorded in the region (DMI 2011). The 
meteorological data covering the period 1930-2001 in Bolu 
shows, the mean annual temperature is 10.3°C but that of 
Abant Lake 7.3°C, because its altitude is 600 m higher 
than Bolu. The lake has come into being in the Paleozoic 
era. Average precipitation is 534.4 mm per year, 32% is in 
winter, 29% in spring, 21% in autumn and 18% in summer. 
The mean annual precipitation of Abant is expected to be 
between 800 and 900 mm (Mater & Sunay 1985). The lake 
region is known for its natural scenic beauty with unique 
geological features. The area is considered to have unique 
species richness (Celekli et al. 2007) and is home to a rich 
flora and fauna. There are sandy, clayey and calcareous 
soils formed from schist and serpentine bedrock (Mater 
& Sunay 1985).
 Table 1 shows that pH of water in the seasonal pond is 
in the range of 6.12-6.47, average being 6.23 ± 0.17. This 
value points out that V. scutellata grows in slightly acidic 
soil and water. Element analysis of plant parts are given 
as mg/kg dw. The values were 993.400 in leaf, 532.955 in 
stem and 541.213 in root for Al; 12.494 in leaf, 12.478 in 
stem and 12.524 in root for B; 9437.2 in leaf, 8600.675 in 
stem and 5590.835 in root for Ca; 4.207 in leaf, 5.965 in 
stem and 5.354 in root for Cu; 630.440 in leaf, 338.045 in 
stem and 350.824 in root for Fe; 8507.2 in leaf, 11450.690 
in stem and 5968.684 in root for K; 115.384 in leaf, 
126.797 in stem and 428.433 in root for Mn; 2076.56 
in leaf, 1406.684 in stem and 1234.785 in root for Mg; 
122.412 in leaf, 239.768 in stem and 355.458 in root for 
Na; 1.274 in leaf, 0.156 in stem and 5.180 in root for Ni 
and 30.876 in leaf, 30.902 in stem and 23.545 in root for 
Zn. Average values for Al, B, Ca, Cu, Fe, K, Mn, Mg, Na, 
Ni and Zn in soil samples were 4229.205, 1.657, 1481.504, 
6.730, 2583.815, 2917.436, 168.928, 2068.482, 90.939, 
6.810 and 16.983, respectively. Attempts to evaluate the 
interrelations between mineral element contents in the soil 
and the plant show that, the normal limits of Al, B, Cu, Fe, 
Mn, Ni and Zn in plants are reported to lie in the range of 
7-104, 10-100, 5-30, 2-250, 30-300, 0.1-5, 25-150 mg/kg 
dw and between or over 400, 50-200, 20-100, 400-1000, 
300-500, 10-100, 100-400 mg/kg dw are accepted as toxic 
levels, respectively (Guleryuz et al. 2010; Kabata-Pendias 
& Mukherjee 2007; Kabata-Pendias & Pendias 2001; 
Ozdemir & Ozturk 1996; Ozturk 1979; Ozturk & Gork 
1979). According to these values, the concentrations of B, 
Cu and Zn in this study were within normal limits in the 
plant whereas the values of Al, Fe, Mn and Ni exceeded 
normal limits. The concentrations of Al, Fe and Mn were 
in the range of toxic level. The data suggested that the plant 
accumulates excessive Al, Fe and Mn from the soil.
 Excess amount of any mineral element is toxic for 
plants, when excess of an element is inside the cells, 
the mechanisms to tolerate start operating. One of the 
mechanisms is compartmentalization of elements in 
different organelles of plant cells in the shoot, leaf and 
root. Our study depicts that much of Al, Fe and Mn 
entering the cell is reduced by its sequestration into the 
vacuole as pointed out by Gaxiola et al. (1999) and Apse 
et al. (1999). Although they were not in the range of toxic 
levels, accumulation of some elements (B, Ca, K, Na and 
Zn) was observed within the plant in comparison to their 
levels in the soil (Table 2). Mineral nutrient availability 
to plants is strongly influenced by soil pH. When soil pH 
drops, there is an increase in the solubility of Mn, Zn, Cu, 
and Fe, whereas reductions are observed in the availability 
TABLE 1. pH values of water samples (WS) in habitat of V. scutellata
WS 1 WS 2 WS 3 WS 4 WS 5  Average
 6.12  6.33  6.13  6.09  6.47 6.23 ± 0.17
TABLE 2. Mineral element (Al, B, Ca, Cu, Fe, K, Mg, Mn, Na, Ni, and Zn) concentrations of soil 
and leaf stem and root samples of V. scutellata
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of N, K, Ca, Mg and S when soil pH falls (Hodges 2010). 
At very low pH, the solubility of some mineral nutrients 
increases which can become toxic to sensitive plants. At 
high pH values, the solubility of some mineral elements 
can become so low that plants are unable to obtain adequate 
supplies from the soil. The pH range within 6.0 to 6.5 is 
preferable by most plants for optimum growth. This assures 
high availability of most demanded nutrients for plants 
(Ronen 2007). In our study average pH value is 6.23. The 
degree of K fixation partly depends on the pH. K fixation 
is strongly influenced by the kind of adsorbed cations or 
anions within the system (Harris 1937; Rich 1968; Sparks 
& Huang 1985). K fixation occurs in soils with pH ranging 
from 5.3 to 8.5. A marked increase in K fixation in alkaline 
soils is observed. There is no fixation when pH value is 
2.5 (in acidic soils); as a result of competition between K 
-Fe and Al-H ions (Martin et al. 1946; Sezen 1975, 1991; 
Thomas & Hipp 1968; Volk 1934). Table 2 shows that K 
level is much higher than Al and Fe in plant as compared 
to pH value of the soil. Individual soil characteristics too 
have effect on the plant elements but joint impacts are also 
seen due to interactions between them.
 It is well known that soil pH and plant potassium 
and soil potassium and plant calcium are significantly 
and positively correlated. However, negative correlations 
exist between soil organic matter and plant sodium and 
soil organic matter and plant manganese content. The data 
for this indicated that the soils of these plants appear to 
be poor in nutrients (Baslar & Mert 1999). In our study, 
there was a positive correlation between soil K and plant 
Ca, also plant Na and Mn levels were high in comparison 
to the soil. Availability of mineral elements to plants is 
determined by some interactions occurring in the soil and 
the plant tissues. Plant Mg can be influenced by several 
factors. When soil level of K to Mg exceeds 4:1 or when 
the soil level of Ca:Mg exceeds 8:1, Mg uptake by some 
plants is depressed (Hodges 2010). Therefore, a proper 
balance of Mg to both K and Ca is important. In this study, 
the balance of Mg to K and Ca was proper and therefore 
uptake of Mg by the plant was not inhibited. Quite high 
uptake rate for Zn in our study was a consequence of low N 
and P levels. It means there were no significant antagonistic 
interactions between P-Zn and N-Zn (Camp & Fudge 1945; 
Ozanne 1955; Stukenholtz et al. 1966; Thorne 1957). B 
accumulation was very high in comparison to the soil in the 
plant. Higher Ca concentration can be employed to correct 
boron toxicity. A requirement for normal growth in plants in 
addition to other factors is to have certain balance between 
the uptake of Ca and B (Jones & Scarseth 1944). Our 
results showed consistency with this. Accelerated Zn or 
Mn uptake causes a marked reduction in Fe concentration 
in plants (Epstein & Stout 1951; Ronen 2007) as observed 
in this study. The level of Cu in the plant was adequate in 
our sites. Cu deficiency occurs primarily on high organic 
matter soils (Hodges 2010). The soil appears to contain 
enough Cu amounts in our work. High Zn in the trees may 
promote Fe deficiency as found during this study. The level 
of Fe in the plant was low in comparison to the level in 
the soil. The plant retained high level of Zn, which could 
be a contributing factor in inducing Fe deficiency. Al is 
not an essential nutrient (Vardar & Unal 2007) but can 
be a factor affecting plant growth (Foy 1992). Al toxicity 
occurs in plants when soil pH is very low (Hodges 2010). 
The level of Al was low in the plant in comparison to the 
soil. This is expected because pH value was not very low 
in this study. But surprisingly, the level of Al in leaf was 
higher than stem and root in the plant. It shows that the 
plant has a unique ability to accumulate excess amount of 
Al in the leaf part. 
REFERENCES
Albach, D.C., Grayer, R.J., Jensen, S.R., Ozgokce, F. & Veitch, 
N.C. 2003. Acylated flavone glycosides from Veronica. 
Phytochemistry 64: 1295-1301. 
Albach, D.C., Martinez-Ortega, M.M., Fischer, M.A. & Chase, 
M.W. 2004. A new classification of the tribe Veroniceae-
problems and a possible solution. Taxon 53: 429-452. 
Apse, M.P., Aharon, G.S., Snedden, W.A. & Blumwald, E. 1999. 
Salt tolerance conferred by overexpression of a vacuolar 
Na+/H+ antiporter in Arabidopsis. Science 285: 1256-1258.
Baslar, S. & Mert, H.H. 1999. Studies on the ecology of 
Chrozophora tinctoria L. and Rubia tinctorum L. in Western 
Anatolia. Turkish Journal of Botany 23: 33-44.
Camp, A.F. & Fudge, B.R. 1945. Zinc as a nutrient in plant 
growth. Soil Science 60: 157-164.
Celekli, A., Obali, O. & Kulkoyluoglu, O. 2007. The 
phytoplankton community (except Bacillariophyceae) of 
Lake Abant (Bolu, Turkey). Turkish Journal of Botany 31: 
109-124.
Cobanoglu, G. & Akdemir, B. 2004. Contribution to the lichen 
diversity of Nature Parks in Bolu and Corum, Anatolia, 
Turkey. Herzogia 17: 129-136.
Davis, P.H. 1965-2001. Flora of Turkey and the East Aegean 
Islands. Vols: 1-11. Edinburgh: Edinburgh Univ. Press. 
DMI. 2011. The official website of Turkish State Meteorological 
Service, http://www.dmi.gov.tr.
Epstein, E. & Stout, P.R. 1951. The micronutrient cations iron, 
manganese, zinc, and copper; their uptake by plants from the 
adsorbed state. Soil Science 72: 47-65.
Foy, C.D. 1992. Soil chemical factors limiting plant root growth. 
In Advances in Soil Sciences: Limitations to Plant Root 
Growth, Vol. 19, edited by Hatfield, J.L. & Stewart, B.A. 
New York: Springer Verlag.
Gaxiola, R.A., Rao, R., Sherman, A., Grisafi, P., Alper, S.L. 
& Fink, G.R. 1999. The Arabidopsis thaliana proton 
transporters, AtNHX1 and Avp1, can function in cation 
detoxification in yeast. USA. Proceedings of the National 
Academy of Sciences of the United States of America 96: 
1480-1485.
Guleryuz, G., Gucel, S. & Ozturk, M. 2010. Nitrogen 
mineralization in a high altitude ecosystem in the 
Mediterranean phytogeographical region of Turkey. The 
Journal of Environmental Biology 31: 503-514.
Harris, G.H. 1937. Raspberry nutrition III. Are sulphates deficient 
in B.C. coastal soils? Scientia Agricola 17: 707-712.
Hodges, S.C. 2010. Soil Fertility Basics. Soil Science Extension, 
North Carolina State University.
Jones, H.E. & Scarseth, G.D. 1944. The calcium boron balance 
in plants as related to boron needs. Soil Science 57: 15-24.
  1407
Juan, R., Fernandez, I. & Pastor, J. 1997. Morphological and 
anatomical studies on fruits of Veronica from South-west 
Spain. Botanical Journal of the Linnean Society 123: 157-
171. 
Kabata-Pendias, A. & Pendias, H. 2001. Trace Elements in Soils 
and Plants. 3rd ed. Boca Raton New York, Washington, 
D.C.: CRC Press. 
Kabata-Pendias, A. & Mukherjee, A.B. 2007. Trace Elements 
from Soil to Human. Berlin Heidelberg, New York: Springer.
Martin, J.C., Overstreet, R. & Hoagland, D.R. 1946. Potassium 
fixation in soils in replaceable and nonreplaceable forms in 
relation to chemical reactions in the soil. Soil Science Society 
of America Proceedings 10: 94-101.
Mater, B. & Sunay, H. 1985. Abant Golu cevresinde turta 
olusumu. Bulten, İstanbul Üniversitesi Deniz Bilimleri ve 
Coğrafya Enstitüsü 2(2): 77-92.
Ozanne, P.G. 1955. The effect of nitrogen on zinc deficiency 
in subterranean clover. Australian Journal of Biological 
Sciences 8: 47-55. 
Ozdemir, F. & Ozturk, M. 1996. Autecology of Capparis L. 
species distributed in West Anatolia. Turkish Journal of 
Botany 20: 117-125.
Ozturk, M. 1979. Preliminary observations on the edaphic and 
biotic relations of Myrtus communis. Ege University. Sci. 
Fac. Jour. III: 137-142.
Ozturk, M. & Gork, G. 1979. Ecological factors effecting the 
distribution and plasticity of Mentha species in West Anatolia. 
Plant 6: 39-51. 
Prada, C. & Rolleri, C.H. 2005. A new species of Isoetes 
(Isoetaceae) from Turkey, with a study of microphyll 
intercellular pectic protuberances and their potential 
taxonomic value. Botanical Journal of the Linnean Society 
147: 213-228.
Rich, C.I. 1968. Mineralogy of soil potassium. In The Role of 
Potassium in Agriculture, edited by Kilmer, V.J., Younts, S.E., 
Brady, N.C. Tennessee Valley Authority, National Fertiliser 
Development Center (U.S), American Society of Agronomy. 
Madison. WI.
Ronen, E. 2007. Micro-Elements in Agriculture. Practical 
Hydroponics & Greenhouses, July/August. 39.
Sezen, Y. 1975. Dogu Anadolu’nun degisik yerlerinden alinan 
toprak orneklerinin bitkiye potasyum saglama durumlari 
üzerinde bir arastirma. Atatürk Üni. Ziraat Fak. 195: 26-29.
Sezen, Y. 1991. Toprak Kimyası. Atatürk Üni. Ziraat Fak. 127: 
120-122. 
Sparks, D.L. & Huang, P.M. 1985. Physical chemistry of soil 
potassium. In Potassium in Agriculture edited by Munson, 
R.D. Madison. WI: American Society of Agronomy. 
Stukenholtz, D.D., Olsen, R.J., Gogan, G. & Olsen, R.A. 1966. 
The mechanism of P-ZN interaction in corn nutrition. Soil 
Science Society of America Journal 30: 759-763.
Thomas, G.W. & Hipp, B.W. 1968. Soil factors affecting 
potassium availability. In The Role of Potassium in 
Agriculture, edited by Kilmer, V.J., Younts, S.E., Brady, N.C. 
Tennessee Valley Authority, National Fertiliser Development 
Center (U.S). Madison. WI:  American Society of Agronomy. 
Thorne, W. 1957. Zinc deficiency and its control. Advances in 
Agronomy. Vol: IX. American Society of Agronomy, USA.
Turker, A.U. & Guner, A. 2003. Plant diversity in Abant Nature 
Park (Bolu), Turkey. Turkish Journal of Botany 27: 185-221. 
Vardar, F. & Unal, M. 2007. Aluminum toxicity and resistance 
in higher plants. Advances in Molecular Biology 1: 1-12.
Volk, N.J. 1934. The fixation of potash in difficultly available 
forms in soils. Soil Science 37: 267-287.
I.I. Ozyigit, B. Eskin & M. Keskin
Marmara University, Faculty of Science & Arts 
Biology Department, Goztepe 
Istanbul, Turkey
I. Dogan*
Izmir Institute of Technology, Faculty of Science 
Dept. of Mol. Biology/ Genetics 
Izmir, Turkey
G. Demir  & I.E. Yalcin 
Bahcesehir Univ., Engineering Faculty 
Environmental Engineering Department 
Istanbul-Turkey
*Corresponding author; email: ilhandogan@iyte.edu.tr
Received:  10 March 2013
Accepted:  12 May 2013 
